b Background: Violence is a recognized health risk to the mother, fetus, and infant during pregnancy and first-year postpartum (pregnancy-associated period). Although homicide is a leading cause of injury death among pregnant and postpartum women, the continuum of violence-related physical injuries that women sustain during this period has not been studied systematically. b Objective: To describe the patterns of physical injuries reported on hospital visits for assault during pregnancy and the postpartum period for a population cohort of Massachusetts women. b Methods: Using a retrospective cohort design with linked Massachusetts natality and hospital data from 2001 through 2005, 1,468 women (0.9%) who had 1,675 hospital visits (emergency department, observation, and inpatient) for assault were identified. Of these visits, 1,528 visits had at least one physical injury diagnostic code (800Y999) from the International Classification of Disease, Ninth Edition, Clinical Modification (ICD-9 CM). Applying a modified Barell injury diagnosis matrix that uses the ICD-9 CM injury codes, the first physical injury noted for each visit was classified by body region and nature of injury. Then, the distributions of physical injuries by body region and nature of injury during pregnancy, postpartum, and overall pregnancy-associated periods are described. Also listed are those physical injuries reported in more than 5% of hospital visits for assault during either pregnancy or postpartum period. b Results: Of the 1,528 hospital visits for assault with physical injury, the head and neck were the most frequently injured body regions overall (42.2%). The percentage of torso injuries during pregnancy was more than twice that in the postpartum period (21.5% vs. 8.7%). The leading physical injury during both pregnancy (25.4%) and the postpartum (23.1%) period was superficial or contusion to the head and neck. Other common injuries differed by period. b Discussion: Patterns of physical injuries reported on hospital visits for assault for a population cohort provide information that could prove helpful in intervention programs.
Physical Injuries Reported on Hospital
Visits for Assault During the Pregnancy-Associated Period Angela Nannini 4 Jane Lazar 4 Cynthia Berg 4 Mary Barger 4 Kay Tomashek Howard Cabral 4 Wanda Barfield 4 Milton Kotelchuck b Background: Violence is a recognized health risk to the mother, fetus, and infant during pregnancy and first-year postpartum (pregnancy-associated period). Although homicide is a leading cause of injury death among pregnant and postpartum women, the continuum of violence-related physical injuries that women sustain during this period has not been studied systematically. b Objective: To describe the patterns of physical injuries reported on hospital visits for assault during pregnancy and the postpartum period for a population cohort of Massachusetts women. b Methods: Using a retrospective cohort design with linked Massachusetts natality and hospital data from 2001 through 2005, 1,468 women (0.9%) who had 1,675 hospital visits (emergency department, observation, and inpatient) for assault were identified. Of these visits, 1,528 visits had at least one physical injury diagnostic code (800Y999) from the International Classification of Disease, Ninth Edition, Clinical Modification (ICD-9 CM). Applying a modified Barell injury diagnosis matrix that uses the ICD-9 CM injury codes, the first physical injury noted for each visit was classified by body region and nature of injury. Then, the distributions of physical injuries by body region and nature of injury during pregnancy, postpartum, and overall pregnancy-associated periods are described. Also listed are those physical injuries reported in more than 5% of hospital visits for assault during either pregnancy or postpartum period. b Results: Of the 1,528 hospital visits for assault with physical injury, the head and neck were the most frequently injured body regions overall (42.2%). The percentage of torso injuries during pregnancy was more than twice that in the postpartum period (21.5% vs. 8.7%). The leading physical injury during both pregnancy (25.4%) and the postpartum (23.1%) period was superficial or contusion to the head and neck. Other common injuries differed by period. b Discussion: Patterns of physical injuries reported on hospital visits for assault for a population cohort provide information that could prove helpful in intervention programs.
b Key Words: assault & injuries & postpartum period & pregnancy & violence D uring pregnancy and the postpartum period, violence is a recognized health risk to the mother, fetus, and infant (Campbell, 2002; Cokkinides, Coker, Sanderson, Addy, & Bethea, 1999; Janssen et al., 2003) . In Massachusetts and across the United States, homicide is a leading cause of injury death for women during pregnancy and the first-year postpartum (i.e., the pregnancy-associated period; Chang, Berg, Saltzman, & Herndon, 2005; Nannini, Weiss, Goldstein, & Fogerty, 2002) . For a population cohort of Massachusetts women with a live birth or fetal death in 2002 or 2003, 1 in 7 sought hospital care for nonfatal injuries during the pregnancy-associated period (Nannini et al., 2008) . More than 5% of these visits for injury were for intentional assaults (Nannini et al., 2008) . However, the continuum of violence-related physical injuries that women sustain during this period has not been described systematically using population-based studies.
Violence is often mentioned as a cause of injury in studies of trauma in pregnancy, but further elaboration is not given (Connolly, Katz, Bash, McMahon, & Hansen, 1997; Grossman, 2004; Poole et al., 1996; Shah et al., 1998) . One group (Spedding, McWilliams, McNicholl, & Dearden, 1999) examined patterns of injuries associated with domestic violence among women seeking emergency care and found that the predominant sites for soft tissue injuries were, in descending order, the head and neck, the extremities, and the torso. Another community-based cohort study of pregnant women found violence-related abdominal injuries to be more prevalent among adolescents than adult women, but the nature of these injuries (e.g., contusion and open wound) was not documented, and findings were not compared with those of nonpregnant postpartum women (Covington, Justason, & Wright, 2001) . For the violencerelated physical injury experienced by women during pregnancy and the postpartum period to be better understood, the patterns of physical injuries reported on hospital visits for assault are described for a population cohort of Massachusetts women.
Methods

Study Population
The study population for this retrospective cohort study was all Massachusetts-resident women who had a live birth or fetal death of Q20 weeks' gestation (or Q350 g) in Massachusetts and whose pregnancy began after September 30, 2001, and whose first-year postpartum ended before October 1, 2005 (n = 169,517).
Data Source
A maternally linked data set developed from the Massachusetts Pregnancy to Early Life Longitudinal data system was used. Employing deterministic and probabilistic methods, birth and fetal death certificates from the Massachusetts Department of Public Health were linked to maternal inpatient delivery data from the Massachusetts Division of Health Care Finance and Policy (MDHCFP). Then, using a unique identifier available on all MDHCFP hospital data, the inpatient maternal delivery data were linked to other antenatal and postpartum maternal inpatient stays, observational stays, and emergency department visits from all licensed acute care hospitals in Massachusetts. Hospital outpatient clinic visit data are not part of this data system (Nannini et al., 2008) .
The algorithm used to create the final study data set is shown in Figure 1 . The initial study data set included all hospital visits (inpatient stays, observational stays, and emergency department visits) for the study population occurring during the pregnancy-associated period, defined by the Centers for Disease Control and Prevention and American College of Obstetricians and Gynecologists Maternal Mortality Study Group as pregnancy through the first-year postpartum (Atrash, Rowley, & Hogue, 1992) . The begin-ning of the pregnancy-associated period was calculated by subtracting the weeks of gestation reported on the birth or fetal death certificate from the date of live birth or fetal death. The end date of the pregnancy-associated period was defined as the date of fetal death or live birth plus 364 days.
Identification of Pregnancy-Associated Visits for Assault With Physical Injuries
Hospital visits (inpatient hospital stays, observational stays, and emergency department visits) for assault injuries were defined by the presence of an International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9 CM) external cause of injury code (E-code) indicating intentional injuries inflicted by others (E960Y E968.9) in 1 of 15 available diagnosis code fields on a visit (Nannini et al., 2008) . There were 1,468 (0.9%) women with 1,675 visits for assault with the qualifying E-code. To identify those hospital visits for assault with diagnosis codes for physical injures, the investigators selected hospital visits for assault with at least one ICD-9 CM code between 800 and 999 (Nannini et al., 2008) . Of these visits with E-codes (E960Y968.9) indicating an assault (n = 1,675), 8.8% (n = 147) did not also have ICD-9 CM codes between 800 and 999 to indicate a physical injury, so these visits were excluded from analyses of physical injuries. The majority (76.1%) of these visits without physical injury codes occurred during pregnancy and had other ICD-9 CM codes indicating abdominal pain (28%), observation status (28%), and pregnancy-related concerns (60%; data not shown). After excluding those visits without physical injury codes, the remaining 1,528 hospital visits were used for these analyses.
Using the parameters of the pregnancy-associated period, date of delivery, and date of the hospital visit for assault with a physical injury code, each visit was assigned to during either pregnancy or the postpartum period. If a visit for assault with a physical injury code was noted at the delivery stay, the visit was classified as occurring during pregnancy (0.2% of all visits for assault).
Classification of Physical Injuries Using a Modified Barell Matrix
A modified Barell matrix was used to classify injuries by body region (e.g., extremities) and nature of injury (e.g., sprains and strains). The Barell injury diagnosis matrix (Barell et al., 2002) , a two-dimensional classification scheme, uses the first ICD-9 CM diagnostic injury code falling between 800 and 999 for each visit to sort injuries into 12 nature-of-injury categories (columns) by 36 bodyregion categories (rows) to create a matrix of 432 cells. This matrix is a result of the International Collaborative Effort on Injury Statistics, and the methodology has been disseminated in the United States by the National Center for Health Statistics (Centers for Disease Control and Prevention, 2008) . A modified Barell matrix that combines categories of body regions and nature of injuries to reduce the number of cells has been used by others (Aharonson-Daniel, Boyko, Ziv, Avitzour, & Peleg, 2003; Farchi et al., 2007; Greenspan et al., 2006) . The modified Barell matrix (Table 1) for this study combines the nature of injury into 6 categories (fractures, sprains and strains, open wounds, superficial, system wide, and other) and body regions into 5 categories (head and neck, spine and back, torso, extremities, and unclassifiable to one body region) for 30 cells.
Data Analyses
For the study objective to be accomplished, the distributions of hospital visits for assaults by body region and nature of injury during pregnancy, the postpartum period, and the pregnancy-associated period are reported. Applying a modified two-dimensional Barell matrix to study data, the investigators presented physical injuries reported in more than 5% of hospital visits for assault during either pregnancy or the postpartum period. The Massachusetts Department of Public Health Research and Data Access Review Group and the MDHCFP Data Protection Committee granted access to these data. The institutional review board of the Northeastern University approved this study. All statistical analyses were performed using SAS Version 9.1 (SAS Institute Inc., Cary, NC).
Results
Most of the 1,468 women who had hospital visits for an assault were younger than 25 years (64.0%), were unmarried (82.6%), and had public insurance at delivery (86.9%). Four out of 10 women had lower than high school education. Nearly half of assaulted women were either Black non-Hispanic (23.2%) or Hispanic (25.1%; Table 2 ). Nearly 10% (n = 134) of assaulted women had more than one visit for assault with physical injury in the q pregnancy-associated period, and 9 had visits for assault associated with two separate pregnancies during the study period (data not shown). Nearly 95% of the 1,528 visits for assault with a reported physical injury code were to the emergency departments. These visits were distributed evenly between pregnancy and the postpartum period (47.2% vs. 52.8%). Most visits for assault with physical injury codes had one injury (59%) reported, another 28% had two injuries reported, and the remaining 13% had three or more different injuries reported. The mean number of injuries per visit was 1.6.
The head and neck were the most frequently reported injured body regions during hospital visits for assault during the pregnancy-associated period (42.2%), and the extremities were the second most common (21.4%; Table 3 ). Torso injuries accounted for a greater percentage of visits for injury during pregnancy than that in the postpartum period (21.5% vs. 8.7%). This was also true for each prenatal trimester: 16.3% for the first, 27.6% for the second, and 25% for the third trimester (data not shown). The spine and back were the body regions least commonly reported as injured at hospital visits throughout the pregnancy-associated period.
Among hospital visits for assault, superficial or contusion injuries were the most common nature of injury overall (46.5%) and during both pregnancy (49.8%) and the postpartum period (43.5%). Open-wound injuries were the second most common nature of injury (Table 3 ). The percentage of visits for assault with fractures was more than twice as high in the postpartum period compared with that during pregnancy. System-wide injuries, suggesting a more serious nature, were responsible for 8.1% of all hospital visits for assault during the pregnancy-associated period ( Table 3) .
Using a modified Barell matrix, the leading physical injury reported at hospital visits throughout the pregnancyassociated period was superficial or contusion to the head and neck, accounting for approximately one in four injuries during both pregnancy and the postpartum period (Table 4 ). Other common injuries reported at hospital visits differed by period. During pregnancy, torso injuries that were either superficial or were of other natures accounted for one in five injuries. In the postpartum period, the three most frequently reported injuries at hospital visits were superficial or contusions, open wounds, and other types of injuries to the head and neck; together, these were reported in 42.1% of postpartum hospital visits for assault. In both periods, system-wide injuries that were unclassifiable to one body region accounted for more than 5% of the visits.
Discussion
This first population-based study describing physical injuries among women with hospital visits for assault during the pregnancy-associated period reveals valuable information about the nature and body region of their injuries. During the entire pregnancy-associated period, the head and neck regions were major sites of assault-related injury. On the other hand, during pregnancy, a greater percentage of injuries were to the torso compared with that during the postpartum period. This finding supports that of previous research, which has reported high rates of violence-related abdominal trauma in low-income pregnant women (Covington et al., 2001) . It is recognized that concern for fetal well-being, even in early pregnancy, might influence a pregnant woman's decision to seek healthcare after any torso injury no matter the severity. In addition, there could be reporting bias by providers who are more likely to ask about abdominal trauma in pregnancy. The noticeable proportion of pregnant women with visits for assault but no physical injury code that were excluded from these analyses may also reflect maternal healthcare-seeking behavior for fetal well-being. Certainly, healthcare-seeking behavior after assault during pregnancy is an important factor in this analysis and for further exploration.
Although results indicate that nearly half the injuries were superficial in nature and most visits were to emergency q departments without inpatient admissions, it has been suggested that even minor injuries can result in fetal losses for women who experience violence in pregnancy (Poole et al., 1996) . Undoubtedly, some groups of women experience more serious injury morbidity during both pregnancy and the postpartum period. System-wide injuries were relatively common, making up more than 5% of the injuries reported in hospital visits during both pregnancy and the postpartum period. Fractures, another potential marker of a more serious injury, were also a commonly reported injury in the postpartum period. In Massachusetts, most of the pregnancy-associated homicides occurred in the postpartum period (Nannini et al., 2002) , but these data cannot be used to distinguish the difference in severity of nonfatal injuries. Previous work (Nannini et al., 2008) examining all nonfatal injuries during the pregnancy-associated period indicates that emergency department visits comprise the majority of hospital visits, but the proportion of observation stays does increase during pregnancy, perhaps representing fetal monitoring postinjury. These findings cannot be generalized to all physical injuries for women who experience violence in the pregnancyassociated period as many assaulted women either do not seek hospital care or do not disclose an assault when seeking care. For example, cultural issues, language barriers, and fear of deportation may deter immigrant women from seeking care (Orloff, Jang, & Klein, 1995) . This study's cohort of assaulted women, representing approximately 1% of the delivery population, is at the lower limits of previously published estimates of violence in pregnancy (Janssen et al., 2003; Martin, Mackie, Kupper, Buescher, & Moracco, 2001; Saltzman, Johnson, Gilbert, & Goodwin, 2003; Spedding et al., 1999) . However, one would expect that women with more severe physical injuries would seek hospital-based care and thus be included in this cohort.
This data set, which was dependent on administrative sources, allows us to describe the experience of physical violence as identified in hospital visits for a well-defined population-based group. However, these data also have limitations. Reports of the reasons for hospital visits are based on the coding practices of multiple providers and institutions. In addition, a small number of visits for assault may be missing because 5% of the total population of women who delivered did not have a unique identifierVan encrypted social security number. These women were more likely to be foreign born. For these women, their delivery hospital medical record number was used to search for visits for assault occurring at the delivery hospital, but there was no means to link to other Massachusetts hospitals.
The use of a standardized classification tool such as the Barell matrix allows a systematic classification of physical injuries that can be utilized across studies. Other researchers analyzing data with ICD-9 injury codes collected in hospital or primary care data are encouraged to use such an approach to replicate this study or to describe physical injuries related to other causes (e.g., motor vehicle collisions) sustained in the pregnancy-associated period. Recognition of physical injury patterns for assault could aid in better detection of all women experiencing violence. Using longitudinally linked data provides opportunities to follow the life course of a population cohort of women who q experience violence, with the potential to design intervention programs. q
